Background: Skin hydration is generally assessed using the parameters of skin sur-
content in the skin can be estimated by measuring the near infrared spectrum 4 or by confocal Raman microspectroscopy. 5 The skin barrier function can also be determined by measuring the water flux at the surface of the skin electrically. Thus, skin hydration is usually discussed according to parameters of the skin surface water content (SWC) and trans-epidermal water loss (TEWL) using values measured with those instruments. These parameters allow us to conceptually classify skin conditions into four Groups according to their SWC and TEWL values: high SWC/low TEWL (Group I), high SWC/high TEWL (Group II), low SWC/low TEWL (Group III), and low SWC/high TEWL (Group IV). For example, parameters of the SWC of elderly people
show lower values than those of young people, although TEWL values of elderly people are similar to young people. 6 This pattern typically categorizes elderly people into Group III, low SWC/low TEWL.
However, elderly people usually exhibit severe dry skin symptoms, such as scaling, flaking, and uncomfortable feelings like itching, termed Senile Xerosis. 7 The case of elderly people emphasizes the difficulties in assessing skin conditions with either SWC or TEWL and leads to an interest in the characteristics of skin conditions classified into each Group.
On the other hand, parameters derived from corneocytes collected by the tape-stripping method are often used to characterize skin conditions. 8 The size of corneocytes and the thick abrasion ratio have been commonly used. In general, the size of corneocytes is reflected by the turnover rate of the SC, 9 and the thick abrasion ratio gives information on the desquamation process. These parameters supply information on the terminal differentiation of keratinocytes and the desquamation of corneocytes.
To date, there have been many reports discussing skin conditions with skin hydration parameters such as SWC and TEWL or with corneocyte-derived parameters independently, but few reports have discussed the relationships between skin hydration parameters and corneocyte-derived parameters. Thus, the purpose of this study was to characterize skin conditions classified by SWC and TEWL values and to discuss relationships between them and comparing them with parameters from corneocytes.
| MATERIALS AND METHODS

| Human volunteer test
This study was conducted to determine the skin characteristics of 82 Japanese subjects living in Japan (23 males and 59 females, 20-64 years old). The test was approved by the Kenshokai Ethics Review Board (Approval No. 20141219-3). The aim of the test was explained to each subject, and written informed consent was obtained from each subject before the test.
| Measurements of biophysical parameters
The water content at the skin surface (capacitance) was measured using a Corneometer CM825, while TEWL was measured using a Tewameter TM300 (both from Courage and Khazaka, K€ oln, Germany). Measurements were taken 15 minutes after each subject entered the room to adapt to the environment of the measuring room. The measuring room was kept at a temperature between 19°C and 21°C, and the relative humidity was maintained between 45% and 55%. | 309 buffer (pH 5.5) to visualize the level of carbonylated proteins (CPs). 11 Fluorescence images captured with a Floid cell imaging station were analyzed using Corneocytometry. The CP level is expressed as the average fluorescence intensity of the SC area.
3 | RESULTS
| Correlations between corneocyte parameters and skin hydration parameters
Correlation coefficients between parameters of corneocytes and parameters of skin hydration by simple analysis are summarized in Table 1 . The size of corneocytes was significantly correlated with age, which suggests a decline in the turnover rate of the epidermis with age. SWC and TEWL showed significant correlations with the SH/SS ratio, the thick abrasion ratio, and the CP level. In addition, the ratio of SWC/TEWL was correlated with the SH/SS ratio, the thick abrasion ratio, or the CP level. The thick abrasion ratio exhibited a positive correlation with the SH/SS ratio and the CP level. Table 2 .
| Distribution of parameters in the four Groups classified by median SWC and TEWL values
There were no significant differences in age among the 4
Groups. The distributions between the Groups for parameters regarding corneocytes showed significant differences. In general, dry skin is characterized by low SWC and high TEWL as in Group IV.
Group IV showed a significantly smaller size of corneocytes than the other groups (Figure 2A ). Regarding the thick abrasion ratio and the CP level, Groups III and IV were significantly higher than Groups I and II ( Figure 2B,D) . In addition, Group I gave a significantly lower SH/SS ratio ( Figure 2C ).
On the other hand, the deviation in gender in the four Groups is shown in Figure 1B . Male volunteers showered a deviation in Groups III and IV. To avoid the risk of influencing the data of male volunteers, we analyzed the data extracted from female volunteers.
Females showed significant differences between Groups in the thick abrasion ratio (P = .018) and CP levels (P = .026). In addition, analysis of data from volunteers aged in their 20s, 30s, and 40s (number of volunteers; 57) also showed significant differences between
Groups regarding the size of corneocytes (P = .027), the thick abrasion ratio (P = .001), and CP levels (P = .006 9 10
À2
).
In the correlation analysis, a positive correlation between age and size of corneocytes was found. That correlation suggested the risk that the difference between Groups in the size of corneocytes is reflected by the higher distribution of younger volunteers in Group IV. The distribution of volunteers classified into each Group regarding the relationship between age and size of corneocytes is shown in Figure 3 . The distribution of volunteers classified in each Group regarding the relationship between age and size of corneocytes did not identify a specific deviation.
| Correlations between parameters regarding skin hydration and groups
Among parameters regarding skin hydration, the SWC/TEWL ratio correlated well with groups classified by SWC and TEWL and showed a decline in order from Group I to Group IV ( Figure 3 ). T A B L E 1 Correlation coefficients between parameters maturation of epidermal differentiation. The size of corneocytes is a parameter reflecting the turnover rate of the SC, 9 and the ratio of free SH groups against disulfide bonds in corneocytes reflects the maturation of epidermal differentiation. 12 Furthermore, the thick abrasion ratio indicates the loss of uniformity of the corneocyte desquamation process. From the results of the simple analysis, the size of corneocytes showed a correlation with age. In general, elderly persons have a slower turnover rate to compensate for the lower function of their skin barrier. The correlation with the size of corneocyte and age was consistent with a previous study. 6 In addition, the simple analysis gave correlations with parameters from corneocytes and parameters of SWC and TEWL. The results indicate that skin hydration influences the skin conditions or that the skin conditions are determined by skin hydration.
| DISCUSSION
To date, both SWC and TEWL are often considered as independent parameters when discussing skin conditions. However, considering the mechanism involved, skin hydration should be an integrated function of SWC and TEWL additively or synergistically.
For instance, the skin hydration in elderly persons who have low SWC and low TEWL 6 is hard to assess with SWC or TEWL. This concept insists that both parameters should be dealt with as corre- generally thought that skin conditions on hydration worsen in the following order: Group I < Group II ≤ Group III < Group IV. In fact, Group IV exhibited a higher thick abrasion ratio and a smaller size of corneocytes indicating a faster turnover rate. In this survey, we found significant differences between Groups I, II, and III and Group IV regarding corneocyte size. That correlation suggests that it is difficult to discuss this solely with SWC/TEWL, because of the correlation between age and corneocyte size. However, as a specific deviation in the distribution of volunteers classified in each Group regarding the relationship between age and size of corneocytes was not found (Figure 3) , the small size of corneocytes could be influenced by lower skin hydration. Group III also gave a higher thick abrasion ratio compared with Groups II and I. On the other hand, Group I, which has the best hydration condition, showed a lower SH/SS ratio than the other groups. Groups III and IV possessed higher levels of CPs in the SC. Considering these results, there was a difference between Groups II and III on skin conditions, because Group III was in a worse skin condition than Group II.
It has been reported that the size of corneocytes in inflamed skin, such as in atopic dermatitis, is apparently smaller than in healthy skin. 13 In addition, a higher thick abrasion ratio is often observed in roughened skin, which has less skin hydration. ), (B) thick abrasion ratio (%), (C) SH/SS ratio (%), and d) CP level (A.U.). Significance between each Group was determined with a one-way ANOVA test. Significance *P < .05, **P < .01, ***P < .001 conditions. 15, 16 Sulfhydryl oxidase catalyzes disulfide cross-linking in the SC. 17 These are important events required to build a tough architecture and normalize the exfoliation of corneocytes. The effects on turnover rate and CP levels could be demonstrated as follows: It has been reported that a higher ratio of IL-1 receptor antagonist and IL-1a, which is a pro-inflammatory cytokine, occurs in dry skin. 18 That report suggested that lower skin hydration initially stimulates the secretion of IL-1a and consecutively increases the expression of IL-1 receptor antagonist to regulate the action of IL-1a. That concept is supported by the results of a dry skin model of a reconstructed human epidermal equivalent exposed to dry conditions. That dry skin model showed a higher level of IL-1a secretion and resulted in higher CP levels than in the control, 19 because IL-1a generates ROS through the activation of NADPH oxidase by signaling of interleukin-1 receptor-associated kinase-1. 20 These facts indicate the possibility of accelerating the turnover rate and accumulating CPs in dry skin, such as Groups III and/or IV, as follows: ROS accelerates the turnover rate by causing a faint inflammation in the skin and accumulates CPs by the oxidation of proteins through lipid peroxidation, which is the initiation reaction of protein carbonylation. 21 In any case, these results reflect the impact of skin hydration on skin conditions due to effects on epidermal differentiation or maturation of the SC as follows: Skin with inferior hydration has an accelerated turnover rate like that in inflamed skin, an elevated oxidation situation and decreased uniformity of corneocyte desquamation. Furthermore, although it was thought that skin with a favorable hydration has increased disulfide cross-linking to form a strong architecture of corneocytes, how the skin hydration contributes to those processes is still unclear. To clarify the relationship, further studies are required.
In this study, we analyzed skin conditions in four Groups classified tentatively by their median SWC and TEWL values and tried to identify characteristic skin conditions in those Groups. Although we failed to find clear differences between the Groups, it is important to propose a parameter that is able to discuss the relationship between skin hydration and epidermal differentiation or maturation of the SC in the characterization of skin conditions. In Figure 3 ). The SWC/TEWL ratio corresponded well to groups classified by SWC and TEWL and is expected to serve as a new parameter to assess skin conditions as the SWC/TEWL ratio also correlated well with each parameter, the thick abrasion ratio, the SH/SS ratio, and the CP level (Table 2) .
On the basis of these results, we conclude that skin hydration correlates with epidermal differentiation and maturation of the SC and also that the SWC/TEWL ratio may be a useful comprehensive parameter to assess skin conditions and determine the effects of cosmetic products to improve skin conditions.
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